The uterus plays a critical role in pregnancy and steroid hormones, and both estrogen (E2) and progesterone (P4) especially play important roles in the cross-talk between embryos and uterus to support the pregnancy. E2 stimulates uterine growth during early pregnancy to prepare for implantation of embryos. This cross-talk during the implantation period involves hormones (E2 and P4) and growth factors, including insulin-like growth factor-I (IGF-I). In the uterus of a pregnant pig, the action of E2 is mediated by estrogen receptor-α (ER-α). The expression of ER-a was much higher in early pregnancy than in mid-and late-pregnancy, suggesting E2 secretion from embryos enhances transcription of ER-a during early pregnancy. In order to prove whether IGF-I is an E2 target gene, quantitative real-time PCR was performed on ovariectomized murine uterus with E2 and/or P4 treatment(s). Increased IGF-I mRNA expression was observed with E2 treatment, however, it was not significantly induced by P4 treatment, which clearly demonstrates that, in mice, E2 depends on the activation of uterine IGF-I gene expression. The expression of IGF-I in the uterus of pigs was much higher in early pregnancy than in mid-and late-pregnancy and these data exhibited the same expression pattern with the ER-α gene expression in the uterus. It suggests that a positive co-relationship between IGF-I and ER-α expression exists in the uterus, and that both gene expressions of IGF-I and ER-α are regulated by E2. It further suggests that uterine the IGF-I gene expression might be initiated by E2 secreted from embryos to increase ER-α gene expression, and that this increased ER-α further stimulates the expression of IGF-I in the uterus during early pregnancy.
Introduction
In mammals, the survival of a species depends upon the establishment and maintenance of pregnancy. Successful pregnancy requires the orchestration of complex and precise interactions between the embryo(s) and maternal uterus and ovary. The embryonic-maternal cross-talk during pregnancy involves hormonal and biochemical factors as well as cell/tissue interactions between the uterus and embryos. Combined actions of steroid hormones, especially estrogen (E2) and progesterone (P4) are critical factors for the uterus receptive and successful pregnancy. E2 secretion from embryos, which is known as a signal for maternal recognition of pregnancy occurs at peri-implantation in pigs [1] and the pre-surge of E2 stimulates uterine epithelial cell proliferation during early pregnancy in mice [15] .
E2 secretion from embryos is coincident with the temporally high expression of insulin-like growth factor-I (IGF-I) in the porcine uterus [5, 17] . Local and temporally regulated expressions of IGF-I in the uterus and embryo secretion of E2 at peri-implantation suggest an autocrine/paracrine role(s) for IGF-I and E2 in the orchestration of maternal and embryonic interactions for growth and differentiation [3, 7, 12] . Although IGF-I is known to be a mediator of estrogen-induced uterine growth, there is only limited information available regarding the molecular mechanism(s) responsible for the transcriptional regulations of IGF-I by E2 in the uterus during pregnancy. The objectives of this study is to elucidate the molecular mechanisms involved in transcriptional regulation of IGF-I and ER-α by E2 in the uterus using two animal systems. Due to technical difficulties of ovariectomy in pig, mouse was used ovariectomy for the removal of endogenous E2 and P4 and then E2 and P4 were treated to see the effects of both steroid hormones on the expression of the IGF-I gene in the uterus.
Materials and Methods
Animals and tissue preparation and primary cell cultures For technical reason, ovariectomy was only performed in mice, not in pigs. Groups of wild-type mice were ovariectomized, and 2 weeks later, these mice were injected with control, E2 (0.1 µg/mouse), P4 (1 mg/mouse), or E2 plus P4 for 4 hr, 24 hr or 48 hr (Sigma-Aldrich, St. Louis, MO). The injections were repeated every 12 hr for the 24 hr and 48 hr and then sacrificed to collect uterus. Pigs were bred at estrus (day 0) and were slaughtered on the indicated days of pregnancy and uterus and other tissues were removed.
Uterus was collected from day (d) 12 pregnant pigs, and its three major cell types were isolated by differential centrifugation after enzymatic digestion including trypsin and collagenase. In brief, a sterilized 38 uM stainless steel sieve (Thomas Scientific, Newark, NJ) was used for the separation of the cells. Stromal (St) cells passed through the sieve with the filtrate, while glandular epithelial (GE) cells were retained. Luminal epithelial (LE) cells were pelleted from low speed centrifugation (800× g, 7 min) [16] . GE, LE and St cells were maintained for the primary cell cultures and cells were used after reaching 80% of confluence.
RNA isolation, RT-PCR and quantitative real-time PCR
Total RNA was isolated from uterus of pigs at specific days of pregnancy and mice at specific times after steroid treatment using Trizol reagent from Life Technologies 
Results and Discussion
The expression of ER-α in the uterus during pregnancy The ovarian steroid hormone estrogen (E2) is a critical regulator of the female reproduction and most of the physiological roles of E2 are mediated by cognate nuclear receptors, one of two estrogen receptor (ER) forms, ER-α or ER-β, which are encoded by two separate genes [8, 19] . ER is known as the nuclear receptor, which acts as transcription factor [2, 18] . higher than the cycling uterus and higher level of P4 diminished ER-a expression in early pregnancy compared with cycling uterus. In contrast, the expression of ER-β in the uterus was not observed at any stages of pregnancy (Data not shown). Gene ablation studies have demonstrated that the ER-α is a primary regulator of uterine function for the E2.
Out of two estrogen receptors, ER-α and ER-β, only ER-α is a functional in the uterus [8, 19] , while ER-β is a functional in the ovary [9] .
Transcriptional regulation of IGF-I by E2 in the uterus
In mice, pre-ovulatory E2 surge stimulates uterine proliferation during early pregnancy [15] . In pigs, E2 secretion from embryos occurs at peri-implantation period [1, 12] . The treatment of E2 stimulates DNA synthesis, especially in epithelial cells of the uterus in early pregnancy [10, 14] . One of the genes identified as a target for regulation by the E2 in the uterus is insulin-like growth factor-I (IGF-I) [6, 17] .
IGF-I is a key regulator of cellular growth-and differentiation, and is synthesized in a variety of tissues [11] .
Although the liver is considered to be the main source of circulating IGF-I, the local actions of IGF-I have been studied in many tissue including uterus [6, 17] . Embryonic secretion of E2 and temporal high expression of IGF-I in the uterus occurs at peri-implantation period in the pig [17] . The increased IGF-I mRNA in the uterus further induces expression of embryonic aromatase, which is an enzyme responsible for the synthesis of E2 [6, 12] . It is known that E2 surge stimulates uterine epithelial cell proliferation during early pregnancy and as pregnancy progresses, P4 secreted from corpora lutea, initiates uterine stromal cell proliferation [10, 15] . In order to examine the IGF-I gene expressions from different cell types of early pregnant uterus, three major cell types were isolated and primary cul- type-specific expression of this gene (Fig. 4) . It suggests that IGF-I is required for E2 induced luminal epithelial cell proliferation, which is most outside layer of the uterus.
Hence, these studies were performed to elucidate molecular mechanism of E2 in the regulation of uterine IGF-I gene expression, The IGF-I gene expression in the uterus can be initiated by estrogen acting through its own receptor (ER-a)
and increase ER-a gene expression and this increased ER-a can function as a transcriptional factor to stimulate the local gene expression of IGF-I in the uterus.
